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Featured Front Line of Preparation and Application of Nano Carbon Material 



Synthesis of high-purity Carbon Nanotubes using Zeolite CCVD 



<lntroduction> 

A carbon nanotube is prepared through arch discharge, laser yaporation, 
chemical vapor deposition (CVD), or the like. We had developed a CVD which is 
suitable for mass production of carbon nanotubes because during the sysenthesis 
process, relatively less carbon impurities, such as an amorphous carbon, are formed 
and the scale of the carbon nanotube can be easily increased. The CVD synthesis 
of carbon nanotubes using micropores at the surface of zeolite will be introduced 
herein. 

<Catalyst Chemical Vapor Deposition (CCVD)> 

A catalyst-supported chemical vapor deposition (CCVD) is a synthesis method 
in which a hydrocarbon-based gas which acts as a carbon source is provided to a 
transition metal or alloy thereof acting as a catalyst which is maintained at a proper 

temperature, such as 1000''C or lower. According to a conventional thermal CVD 

method, a catalyst metal aggregates duiring processes, for example, during a 
temperature-increase process to a synthesis temperature, and thus, the synthesized 
tube has non-uniformed diameters or crystallinity. 

We found that production of a carbon nanotube could be controlled by 
immersing a metal catalyst in surface micropores of a microporous material. In 
addition, we also found that during the immersing of a metal catalyst, the kind or size 

1 



of a catalyst, a synthesis temperature, and the kind or flow of a used gas determine 
the kind of a carbon nanotube to be synthesized (MWNT, DWNT, SWNT), or the yield 
and diameter of the carbon nanotube. 

The required device is very simple so that any one can do this experiment 
using a commertial tube furnace. For reference, a schemical structure of the device 
we use is illustrated in FIG. 1. In the experiment, an acetic acid salt, such as iron 
acetate or cobalt acetate, and zeoliate acting as a porous material are dissolved in a 
solvent, such as alcohol or water, and then dried in an oven. The resultant powder 
mixture is loaded onto a quartz boat, the boat is moved to the center of a reactor, and 
then the systhesis is started under desried conditions. 

<Synthesis of High Purity Carbon Nonotube> 

Multi-walled Carbon Nanotubes (MWNTs) and Two-walled Carbon Nanotubes 
(DWNTs) 

Hernadi et al. first carried out a CVD synthesis in which a porous material is 
used as a template to support a metal catalyst, and we, based on the CVD synthesis, 
has developed a unique device and performed this experiment using zeolite as a 
template for a metal medium under various growth conditions. As a result, we 
succeed to synthesize high-purity MWNTs (FIG. 2). In addition, we found proper 
medium, kind of a porous material (Fe-Co, HSZ-320NAA (tosoh)), and synthesis 

temperature (1000°C or less), so that MWNTs having relatively uniform diameters of 
10 nm to 30 nm coud be obtained. Furthermore, DWNTs having diameters of 1 .5 - 2 
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nm having high quality were obtained by using a heat-resisting zeolite. 
Sinqle-walled Carbon Nanotubes (SWNTs) 

A method of synthesizing SWNTs according to CCVD is similar to that of 
MWNTs. However, when SWNTs are synthesized, it is important to maintain the 
size of a metal catalyst acting as a growth seed of SWNTs to a few or less 
nanometers. The maintaining of the size of a metal catalyst to a few or less 
nanometers is an important factor for the growth. Accordingly, we focused on 
stability of a porous material at high temperature and the diameter of micropores of 
the surface of the porous material. A porous material most suitable for the 
synthesis of SWNTs we found was a Y type high silia zeolite(HSZ-390HUA(tosoh)). 
The synthesis results are shown in FIG. 3. Referring to FIG. 3, the bundle diameter 
was about 8.3 nm and thus it is assumed that there are 30 or more of single-layered 
carbon nanotubes. In addition, there were many bundles, which indicates the 
synthesized SWNTs has high purity. 

In addition, when alcohols are used with the reaction gas, purity of SWNTs 
can be increased. 

FIG. 4 shows the analysis results of Raman scattering spectroscopy of a 
synthesis medium including a bundle of SWNTs. The spectrum of low wave 
numbers is called as a radial breathing mode (RBM) SWNTs at a vibration mode 
corresponding to the diameter of SWNTs (vibration mode in the direction of the central 
axis of the tube). As the vibration number is inversely proportionally to the diameter, 
it can be assumed that the diameter of formed SWNTs decrease as the synthesis 
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temperature decrease. Such a result is the same as when SWNTs synthesized 
using a laser ablation method is used. 

As a result, it is apparaent that since the diameter of synthesized a few 
SWNTs is equal to the diameter of the porous material, the diameter of SWNTs is 
controlled by adjusting the micropore diameter of the porous materal. That is. the 
surface micropore of the porous material supporting the metal catalyst acts as a 
growth point when SWNTs are formed. 

<Conclusion> 

It is apparent that according to the CCVD, high-purity multi-walled and 
single-walled carbon nanotubes are synthesized with excellent controlabilty. When a 
carbon nanotube is used as an electrode device and as a high-functional material due 

to chemical surface modification, SWNT must have factors of © high-puirty synthesis, 

(D single diameter control, and (D chirality (spiral structure). When these factors are 

obtained, properties and electrical properties of SWNTs can be highly reliably 
evaluated, and at the same time, SWNTs can be commertially used. 
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